Buprenorphine maintenance therapy (BMT) is increasingly the preferred opioid maintenance agent due to its reduced toxicity and availability in an office-based setting in the United States. Although BMT has been shown to be highly efficacious, it is often discontinued soon after initiation. No current systematic review has yet investigated providers' or patients' reasons for BMT discontinuation or the outcomes that follow. Hence, provider and patient perspectives associated with BMT discontinuation after a period of stable buprenorphine maintenance and the resultant outcomes were systematically reviewed with specific emphasis on pre-buprenorphine-taper parameters predictive of relapse following BMT discontinuation. Few identified studies address provider or patient perspectives associated with buprenorphine discontinuation. Within the studies reviewed providers with residency training in BMT were more likely to favor long term BMT instead of detoxification, and providers were likely to consider BMT discontinuation in the face of medication misuse. Patients often desired to remain on BMT because of fear of relapse to illicit opioid use if they were to discontinue BMT. The majority of patients who discontinued BMT did so involuntarily, often due to failure to follow strict program requirements, and 1 month following discontinuation, rates of relapse to illicit opioid use exceeded 50% in every study reviewed. Only lower buprenorphine maintenance dose, which may be a marker for attenuated addiction severity, predicted better outcomes across studies. Relaxed BMT program requirements and frequent counsel on the high probability of relapse if BMT is discontinued may improve retention in treatment and prevent the relapse to illicit opioid use that is likely to follow BMT discontinuation.
Introduction
Opioid maintenance therapy (OMT) with methadone or buprenorphine is the current gold standard treatment for opioid use disorders (Mattick, Breen, Kimber, & Davoli, 2009; Mattick, Kimber, Breen, & Davoli, 2008; Thomas et al., 2014) . In addition to reducing illicit opioid use (Mattick et al., 2008 (Mattick et al., , 2009 , OMT can be associated with reductions in mortality (Clausen, Anchersen, & Waal, 2008; Degenhardt et al., 2011) , criminal activity (Bates & Pemberton, 1996; Dolan et al., 2005; Mattick et al., 2009) , and high-risk behavior associated with transmission of human immunodeficiency virus (Gowing, Farrell, Bornemann, Sullivan, & Ali, 2011) . Further, OMT increases quality of life (Giacomuzzi et al., 2003; Nosyk et al., 2011; Ponizovsky & Grinshpoon, 2007; Winklbaur, Jagsch, Ebner, Thau, & Fischer, 2008) , and adherence to OMT significantly reduces overall healthcare costs (Tkacz, Volpicelli, Un, & Ruetsch, 2013) .
Despite known efficacy of OMT, the majority of opioid-dependent patients in the United States are not currently being treated with OMT (Kleber, 2008; SAMHSA, 2011) . Financial barriers, restrictive legislation, patient preference, physician ambivalence and non-evidence-based approaches to addiction treatment all contribute to low rates of OMT (Appel, Ellison, Jansky, & Oldak, 2004; Gryczynski et al., 2013; Nosyk et al., 2013) , and these rates persist despite the significantly enhanced availability of OMT afforded through the Drug Addiction Treatment Act of 2000, which allows for buprenorphine to be prescribed in a less restrictive office-based setting (Jaffe & O'Keeffe, 2003) .
Buprenorphine OMT (BMT), because of its blunted toxicity (Walsh, Preston, Bigelow, & Stitzer, 1995; Walsh, Preston, Stitzer, Cone, & Bigelow, 1994) and increased accessibility (Jaffe & O'Keeffe, 2003) , offers some advantages to methadone OMT. Buprenorphine's unique partial mu agonist pharmacology and extended receptor occupation time lend to a comparatively less severe withdrawal syndrome (Tompkins, Smith, Mintzer, Campbell, & Strain, 2013; Westermeyer & McCance-Katz, 2012) . A less severe withdrawal syndrome could potentially reduce relapse propensity, a hypothesis supported by the observation that longer OMT tapering procedures result in better outcomes (Dunn, Sigmon, Strain, Heil, & Higgins, 2011; Nosyk et al., 2012; Sigmon et al., 2013) . Although, this is not always the case (Ling et al., 2009) . In light of this less severe withdrawal syndrome, the approval of buprenorphine was heralded by enthusiasm for improved outcomes following detoxification (National Consensus Development Panel on Effective Medical Treatment of Opiate Addiction, 1998) apropos of the high relapse rates known to accompany discontinuation of methadone OMT (Amato et al., 2013) . Unfortunately, buprenorphine detoxification has not lead to increased rates of abstinence following withdrawal (Dunn et al., 2011; Horspool, Seivewright, Armitage, & Mathers, 2008) , and as such, the practice of BMT discontinuation may be perpetuated by the provider expectation that abstinence is likely to follow (Newman, 2009) . Furthermore, some providers may feel that abiding by program rules is necessary for BMT success to the extent that BMT is discontinued for rule infractions; however, patients often find benefit in remaining in programs despite failure to achieve program-imposed criteria (Mitchell et al., 2011) .
In addition to factors associated with BMT treatment providers, patient preference is also a major factor in the discontinuation of BMT. Although patient satisfaction with buprenorphine treatment is high Ling, Hillhouse, Ang, Jenkins, & Fahey, 2013) , many patients ask to discontinue BMT after several months of treatment (Kleber, 2007) , a preference that could be driven in part by perceived low probability of relapse (Bailey, Herman, & Stein, 2013) . Hence, it is essential that both physician and patient harbor realistic, evidencebased expectations of outcomes following discontinuation of BMT; however, current systematic reviews of BMT discontinuation have focused on its use in detoxification protocols (Dunn et al., 2011; Horspool et al., 2008) and no current reports could be found that link perspectives of patients or providers with outcomes. Here we bridge patient and provider perspectives of BMT with rates of abstinence following discontinuation of BMT by systematically reviewing patient and provider perspectives that may lead to BMT discontinuation after a period of stable BMT and the outcomes that follow.
Methods

Search strategy and inclusion criteria
Potential studies were identified using Boolean search strings within the Pubmed database. All searches were limited to articles available in English. Studies that included patient perspectives on buprenorphine were identified using the following string: buprenorphine AND patients AND (preference* OR perspective* OR attitude* OR satisfaction OR reason*) where * denotes a wildcard. This search was most recently conducted on September 24, 2014. Studies of patient perspectives on buprenorphine were included if they quantitatively assessed patients' subjective evaluations of buprenorphine as a treatment for opioid dependence. Further, only studies that linked these subjective evaluations with decisions to continue or discontinue BMT were included. Citations within identified articles were screened for identification of additional references.
Studies that included provider perspectives on buprenorphine were identified using the following string: buprenorphine AND (physician* OR provider* OR counselor* OR psychiatrist*) AND (preference* OR perspective* OR attitude* OR satisfaction OR reason*). This search was most recently conducted on September 27, 2014. Studies of provider perspectives on buprenorphine were included if they quantitatively assessed providers' subjective evaluations of buprenorphine as a treatment for opioid dependence. Further, only studies that linked these subjective evaluations with decisions to continue or discontinue BMT were included. Citations within identified articles were screened for identification of additional references.
Studies of cessation of buprenorphine maintenance were identified using the following search string: buprenorphine AND (detoxification OR taper OR discontinue OR cessation OR withdrawal). Search results were then limited to clinical trials. References of identified articles were also searched for additional reports that met review criteria. This search was most recently conducted on September 24, 2014. Articles were included if participants were opioid-dependent and maintained on a buprenorphine-containing medication for at least 14 days before starting medication taper. Notably, 14 days does not reflect what most providers/investigators would consider to be a maintenance period. We chose this time period for 2 reasons: (1) It is the typical time frame required to titrate a patient to a stable maintenance dose (Chiang & Hawks, 2003) ; thus, shorter time periods would not allow us to consider the pre-taper maintenance dose. (2) Our goal was to determine typical outcomes after cessation of buprenorphine maintenance therapy and relate these outcomes to pre-taper variables. However, very few studies have maintained patients on buprenorphine and studied outcomes following cessation. Thus, to include enough studies to consider pre-taper associations with outcomes, we required a very broad quantitative definition of maintenance period. In addition to the requirement of a minimum 14 day maintenance period, only studies that reported urine drug screens for opioids at least 1 month following completion of the taper were included, ensuring final outcome measures occurred outside of the withdrawal epoch.
Analysis
Study outcomes were analyzed as intention-to-treat with the initial patient sample size defined as the number of patients retained at the start of the taper. Primary outcome was defined as the proportion of participants retained in the study at the start of the tapering procedure who tested negative for opioids via urinalysis at least 1 month after buprenorphine taper cessation. One study reported a urinalysis-based outcome, and study authors indicated that it approximated a simple urinalysis outcome . Hence, we included reported outcomes of Weiss et al. as if they were simple urinalysis outcomes; a recent buprenorphine-focused review made a similar approximation for this study (Thomas et al., 2014) . All missing urinalysis data were assumed to be opioid-positive. Pre-taper parameters reported to predict opioid urinalysis 1 month or more after taper cessation within included studies were compared across studies. Statistical analyses were performed using IBM SPSS Statistics (Version 19). Weighted-least-squares regression with weights determined by study sample size was used to relate potential predictors to outcome. Because of the low number of studies included, multivariate comparisons were not performed.
Results
Patient perspectives of buprenorphine
The search for studies that quantitatively assessed patient perspectives associated with BMT discontinuation most recently (September 24, 2014) returned 203 possible studies. After screening all article titles and abstracts for relevancy, 11 articles were screened in their entirety. One of these articles was excluded, because although it quantified patients' reasons for ceasing maintenance therapy, 90% of these patients were maintained on methadone and no comparison was performed to determine if the distribution of reasons was similar for both buprenorphine and methadone (Awgu, Magura, & Rosenblum, 2010) . One article was excluded on the grounds that it did not quantify reasons patients discontinued treatment (Guichard, Lert, Brodeur, & Richard, 2007) . Seven of these articles were excluded on the basis that they did not include patients' reasons for discontinuing BMT. Two studies of patient perspectives on buprenorphine met all criteria Winstock, Lintzeris, & Lea, 2011) . Screening citations within these 2 articles did not result in identification of additional relevant references. These studies are summarized here in chronological order with emphasis on reasons patients decided to discontinue BMT as well as the limitations present in each study. Winstock et al. (2011) surveyed 145 patients from public clinics in Sydney, Australia who were maintained on either buprenorphine (n = 56) or methadone (n = 89). The purpose of the survey was to determine variables associated with patients' level of interest (i.e., low vs. high) in cessation of OMT. High interest in treatment cessation was found to be significantly associated with shorter duration of current treatment, discussing treatment cessation with more categories of people, and low concern of relapse following cessation. Patients were then asked what concerns they had about treatment cessation. The most frequent patient concerns were fear of withdrawal discomfort (68%), pain (50%), relapse (48%), and events associated with relapse, such as, "life becoming a mess" (34%), return to crime (30%), and loss of contact with clinic (17%).
There are several major limitations present in the study by Winstock et al. (2011) . Although not an inherent limitation, for the purposes of this buprenorphine-focused review, interpretation of results is limited by pooling of data from patients maintained on both methadone and buprenorphine. However, treatment medication was not associated with level of interest in treatment cessation or frequency of concerns about cessation; thus, these results are likely relevant to both buprenorphine as well as methadone. Another limitation is that outcomes were not reported, i.e., proportion of patients who discontinued BMT. Patient interest in ceasing BMT may not predict actual duration of BMT ; thus, the implication of patients' desire to discontinue BMT remains unknown.
More recently, Gryczynski et al. (2013) reported buprenorphine perspectives of participants from a parent randomized clinical trial comparing levels of counseling intensity in conjunction with BMT at 2 outpatient substance abuse treatment clinics in Baltimore, Maryland. Participants were opioid-dependent AfricanAmericans (N = 297) newly initiated on BMT. No differences in illicit opioid use or any other outcome measures were reported between counseling intensities. At initiation of BMT participants were asked how long they intended to stay in BMT. Data were coded as number of weeks patients intended to remain in treatment with all responses beyond 26 weeks collapsed to a single epoch, because patients who remained in BMT after 26 weeks were transferred to an outside buprenorphine provider. Nearly half (42.1%) of participants discontinued buprenorphine treatment before 26 weeks, and only 4% of these discontinuations were due to successful completion of treatment. No association was found between participants' initial intended duration of BMT and actual duration, and on average, participants expected to remain in treatment longer than they actually remained. This discordance between participants' intentions and actual durations of BMT was explained in part by participants' reasons for BMT cessation. Nearly half (44.6%) of participants who discontinued treatment were discharged involuntarily, mostly due to conflicts with program staff (24%) or missing too many appointments (17%). In contrast, few patients discontinued BMT due to reasons fundamental to buprenorphine medication; only 4% of patients who discontinued BMT did so because they did not like the study medication (Suboxone®), 4% because they wanted to keep using illicit drugs, and 1% because they felt addiction recovery was not possible while taking medication. Other reasons could be classified as logistical conflicts, such as, program conflicts with work/school (17%), left to receive treatment from another provider (14%), incarceration (7%), financial hardship (4%), moved out of town (3%), or lack of transportation (3%).
There are several notable limitations in the study by Gryczynski et al. (2013) . Foremost, the setting within a clinical trial limits generalization to clinical practice. For example, the study was terminated at 26 weeks, but patients often are maintained on buprenorphine for much longer time periods. If the study were extended, a correlation between expected treatment duration and actual treatment duration might have become apparent. On the other hand, the clinical trial framework was also a major strength on this study, as it was the only perspectives study included in this review that included a measure of patient outcomes. The generalizability of this study is also limited given its racially homogenous population in a single city in the United States. Moreover, the setting was unique in that patients attended formally drug-free programs that recently began prescribing buprenorphine, a caveat that could explain the high rates of involuntary treatment discontinuation.
Provider perspectives of buprenorphine
The search for studies that quantitatively assessed provider perspectives related to retention in BMT for opioid dependence most recently (September 27, 2014) returned 97 articles. After screening all article titles and abstracts for relevancy, 19 articles were screened in their entirety. Sixteen of these articles were excluded on the basis that they did not include providers' reasons for discontinuing BMT or provider perspectives associated with BMT discontinuation. Three studies of provider perspectives on buprenorphine met all criteria (Feroni et al., 2005; Quaglio et al., 2010; Suzuki, Connery, Ellison, & Renner, 2014) . Screening citations within these 3 articles did not result in identification of additional relevant references. These studies are summarized here in chronological order with emphasis on provider characteristics associated with discontinuation or continuation of BMT and limitations present within studies. Feroni et al. (2005) surveyed the attitudes and practices of a sample of 345 primary care physicians prescribing BMT in south-eastern France. Investigators' primary goal was to determine physician attitudes and practices associated with multiple prescribers per patient, i.e. "doctor shopping." Physicians were randomly selected and stratified according to gender, age, and number of medical consultations per year. The primary finding of the study was that physicians who endorsed a "stringent attitude" were more likely to have patients with multiple buprenorphine prescribers. A "stringent attitude" was defined as prescribing buprenorphine for only 7 days at a time, with daily delivery by the pharmacist, and daily dose taking in the pharmacy. Notably, the survey tool utilized contained 3 items related to BMT cessation. Nearly two-thirds (64%) of physicians indicated that they would discontinue BMT if they discovered a patient had several other buprenorphine prescribers, 49% of physicians indicated they would discontinue BMT if they discovered a patient had been injecting buprenorphine, and 22% of physicians indicated they had discontinued BMT in the past because of a difficult relationship with a patient.
The major strength of Feroni et al. (2005) report is that it directly asked physicians why they might discontinue BMT and if they had discontinued BMT in the past. The study's major limitation is of generalizability, given that it surveyed physicians from a single geographic region from a single country. Quaglio et al. (2010) surveyed 305 randomly selected Italian physicians working in drug addiction centers with at least 6 months of experience prescribing buprenorphine for opioid use disorders, and 185 physicians completed the survey. Approximately half of sampled physicians were male, most had been prescribing buprenorphine for more than 2 years, and the specialties of internal medicine, pharmacology/ toxicology, and psychiatry were approximately evenly represented within the sample. The sample mostly supported the use of buprenorphine with 90% of physicians either completely (69%) or partially (21%) favoring use of buprenorphine for treating a patient with heroin use disorder the first time they contacted the office. Notably, 98% of physicians indicated that buprenorphine was a very (90%) or a somewhat (8%) useful treatment for long-term substitution (i.e., N 6 months). Conversely, fewer (84%) physicians indicated that buprenorphine is useful for short-term substitution (i.e., b3 months) with 49% of physicians indicating buprenorphine is very useful for short term substitution and 35% indicating it is somewhat useful. Given that the vast majority of sampled physicians viewed buprenorphine as a useful long-term treatment for opioid use disorders, these physicians' perceived advantages and disadvantages of BMT might represent the typical views of physicians who consider buprenorphine to be a useful long-term treatment for opioid dependence. In the sample of physicians, the most frequently cited advantages of BMT in an open-ended response were as follows: easy to use for unsupervised/take-home medication (30%), smaller risk of overdose (22%), and buprenorphine in tablets is less stigmatized than methadone (17%). The most frequently cited disadvantages were as follows: diversion (31%), difficult to start tapering because of lack of tablets at a lower dosage (28%), and slow sublingual absorption (13%). Quaglio et al. (2010) report is mostly limited by generalizability. The study took place exclusively in Italy and may not represent physician perspectives in other nations. Furthermore, given that the vast majority of surveyed physicians indicated buprenorphine was useful for longterm maintenance, it is unclear how perspectives of buprenorphine advantages and disadvantages would differ in a sample of providers who favored short-term use of buprenorphine. Finally, physician perspectives were not assessed against the duration of BMT of typical patients within their practice; hence, the implications of these findings are unclear.
Recently, Suzuki et al. (2014) compared BMT perspectives of physicians who had received BMT training to those who had not received BMT training. Authors contacted 359 psychiatrists via email who graduated from psychiatry residency programs in the United States between 2008 and 2011 to complete a survey of BMT training and perspectives, and 93 psychiatrists who graduated within this timeframe completed the survey. About half (56%) of physicians reported completing a minimum of 1 buprenorphine course during their training. Although 38.5% of physicians with BMT training had prescribed buprenorphine, none of the physicians who had not received BMT training had prescribed buprenorphine. Compared to participants who did not receive BMT training in residency, those who did receive training were more likely to be male (50.0 vs. 26.8%), to report confidence in treating opioid dependence (84.6 vs. 46.3%), to believe opioid dependence is treatable (98.1 vs. 75.6%), and to believe that buprenorphine is effective in treating opioid dependence (98.1 vs. 75.6%). Moreover, physicians who received BMT training were less likely to indicate that treatment cessation via detoxification should be attempted before maintenance therapy (32.7 vs. 51.2%). Thus, in this sample BMT training was associated with a physician preference for more extended use of buprenorphine through maintenance therapy. Suzuki et al. (2014) report is limited primarily because none of the physicians who did not receive training had prescribed buprenorphine. Thus, it is unclear whether differences in physician perspectives were primarily due to training or experience. Similarly to many studies of perspectives, this study is also limited by the uncertain association between the physician perspective that detoxification should be attempted before a trial of BMT and actual duration of BMT provided by these physicians. Finally, inclusion of only physicians trained in the United States limits international applicability.
Outcomes following BMT discontinuation
The search for studies that quantitatively assessed outcomes following discontinuation of BMT most recently (September 24, 2014) returned 212 articles. After screening all article titles and abstracts for relevancy, 13 articles were screened in their entirety. One of the 13 articles met study design criteria but did not delineate drug screen results between maintenance and post-taper phases of the study (Otiashvili et al., 2013) . Another study met all criteria but relied on self-reported opioid use instead of urine drug screening in the follow-up period (Kornør, Waal, & Ali, 2006) . Five studies were excluded on the basis that they did not include a follow-up period of 1 month or longer. One study was excluded on the basis that it did not maintain patients for at least 14 days before taper (Rosenthal et al., 2013) . Five studies of buprenorphine outcomes met all criteria (Breen et al., 2003; Ling et al., 2009; Sigmon et al., 2013; Weiss et al., 2011; Woody et al., 2008) . Two randomized trials compared BMT taper durations (Ling et al., 2009; Sigmon et al., 2013) ; one randomized trial compared standard medical management alone or standard medical management with adjunctive individual opioid dependence counseling ; one randomized trial compared short-term buprenorphine detoxification with more extended BMT (Woody et al., 2008) ; and 1 semi-randomized trial compared methadone-to-buprenorphine transition protocols (Breen et al., 2003) . Screening citations within these 5 articles did not result in identification of additional relevant references. These studies are summarized in Table 1 . Given the heterogeneity in study design, summaries and study limitations are presented in chronological order.
The less severe withdrawal syndrome engendered by buprenorphine cessation compared to that of full mu agonists was noted early in the development of buprenorphine as an opioid addiction treatment (Bickel et al., 1988; Jasinski, Pevnick, & Griffith, 1978) . From these early studies Breen et al. (2003) hypothesized that buprenorphine might be used to decrease relapse rates following methadone cessation by first transferring participants to BMT and then tapering buprenorphine dose to 0 mg. The purpose of this study was to compare drug transfer protocols in a semi-randomized design. Thirty-eight participants maintained on methadone for at least 6 months at doses between 30 and 40 mg were randomly selected to either transfer to buprenorphine (Subutex®) after their methadone dose was tapered low enough to make them "uncomfortable" or to transfer after their dose was reduced to 30 mg. Another 17 participants maintained on less than 30 mg methadone were transferred to buprenorphine at their current methadone dose. Buprenorphine dose was titrated to "patient response" and up to 24 mg per day. Mean maintenance dose was 8.61 mg (the lowest of all studies reviewed) and lasted 2 weeks after a 5-day induction protocol. Fifty of the original 55 participants remained in the study at the onset of buprenorphine taper. Buprenorphine dose was then reduced at a maximum rate of 2 mg/week with the average taper lasting 11.1 weeks. Participants were given the option of naltrexone (p.o.) 5 days following buprenorphine cessation, and 5 participants were transitioned to naltrexone treatment. One month following buprenorphine cessation, 22 of 50 (44%) participants were abstinent from heroin and not in methadone treatment as indicated by urinalysis and self-report. This was the highest rate of abstinence observed in the reviewed studies 1 month or more after buprenorphine cessation. No predictors of outcome were reported.
The study by Breen et al. (2003) has several strengths, including a flexible buprenorphine-dosing regimen during the maintenance phase and a flexible tapering duration, both of which are more likely to resemble clinical practice. The major limitations of this study include no blinding of investigators or participants, lack of a control group of patients who were not discontinued from buprenorphine, no placebo used during the buprenorphine taper, and no breakdown was included of results by transfer protocol for abstinence rates at 1-month followup. Furthermore, the maintenance period of this study was 2 weeks, the minimum to meet criteria of this review but not as long as a typical clinical maintenance period; however, patients were maintained on methadone for several months before the switch to buprenorphine and taper initiation.
Woody et al. (2008) compared short-term (14 day) buprenorphineassisted detoxification to 8 weeks of BMT with a 4-week terminal taper in a non-blinded, randomized trial in opioid-dependent youth. Only participants who received 8 weeks of BMT are included in the analyses, as the short-term detox group received less than 14 days of BMT, the minimal duration for inclusion in this review. Seventy-four participants were randomized to receive buprenorphine-naloxone (Suboxone®) for 8 weeks at 6 sites in the National Institute on Drug Abuse (NIDA) Clinical Trials Network (CTN). Although protocol allowed for opioiddependent participants ages 14 to 21 years, 83% of participants were 18 or older (mean age = 19.1). During the 8 weeks of BMT, participants received a mean dose of 15.1 mg/day buprenorphine (Subramaniam et al., 2011) . As evidenced by urinalysis, 54% of participants were abstinent at the end of the 8-week BMT phase. After buprenorphine dose was tapered over 4 weeks, abstinence fell to 38% and remained relatively stable at the 6-month follow-up (34%). Although a secondary analysis reported several variables predictive of outcomes at the end of the taper (early treatment response, advanced illness, and use of augmenting treatments) (Subramaniam et al., 2011) , predictors of outcomes at 6-month follow-up have not yet been reported.
The study by Woody et al. (2008) contains several strengths, including a longer 2-month maintenance period and a flexible dosing regiment during the maintenance period, both of which are representative of clinical practice. The major limitations of this study include no blinding of investigators or participants, lack of a control group of patients who were not discontinued from buprenorphine, and no placebo used during the buprenorphine taper. Finally, although it was the intent of the study, participants were much younger than the general population of patients with opioid use disorders.
To expand upon the findings of a smaller study (N = 8) that found a higher abstinence rate following a longer tapering procedure (Amass, Bickel, Higgins, & Hughes, 1994) , Ling et al. (2009) compared abstinence rates following tapering durations of 1 vs. 4 weeks in an open-label, multisite CTN study among 748 opioid-dependent, treatment-seeking participants. Initially, participants were inducted onto buprenorphinenaloxone (Suboxone®), and 516 participants who remained in the study after 4 weeks of BMT were randomized to either a 7-(n = 255) or 28-day (n = 261) taper. Mean maintenance dose was 20.3 mg, and 191 of 516 (37%) participants were urinalysis negative for opioids at the end of stabilization (Hillhouse, Canamar, & Ling, 2013) . Contrary to the authors' hypothesis, significantly more participants were opioid-negative at the end of the 7-day taper (44%) compared to at the end of 28-day taper (30%). However, at 1-month follow-up rates of opioid-negative urinalysis were similar between groups with 91 of 516 (18%) participants testing negative. A secondary analysis revealed that primary heroin abusers were less likely than primary prescription opioid abusers to produce opioid-free urine at the end of the taper and 3 months after the end of the taper, but not at 1-month follow-up (Nielsen, Hillhouse, Thomas, Hasson, & Ling, 2013) .
This study by Ling et al. (2009) contains several strengths, including a multi-center design, large sample size, and inclusion of patients with both primary heroin and prescription opioid use disorders, all of which help increase the generalizability of results. Similar to the other studies in this review, a flexible dosing protocol representative of clinical practice was utilized during the maintenance period. The major limitations of this study include no blinding of investigators or participants, lack of a control group of patients who were not discontinued from buprenorphine, and no placebo used during the buprenorphine taper. Weiss et al. (2011 Weiss et al. ( , 2010 were the first to prospectively evaluate buprenorphine treatment outcomes in participants dependent on prescription opioids in a multi-center, randomized trial within the CTN. Participants (N = 653) at 10 separate cities all received buprenorphine-naloxone (Suboxone®) at a variable dose between 8 and 32 mg "adjusted for opioid use, withdrawal symptoms, adverse effects, and craving but not for pain." Participants were randomized to receive one of two possible counseling intensities, either standard medical management alone or with additional opioid dependence counseling. No differences were observed between the counseling intensities, and the results reported here are collapsed across counseling intensity. During the first phase of the study, participants were inducted onto buprenorphine, maintained for 2 weeks, tapered over 2 weeks, and observed for an 8-week follow-up period. Participants were defined as successful in phase 1 if they reported opioid use on 4 or fewer days in a month, provided 2 consecutive opioid-negative urine samples with a maximum of 1 missing sample, and received no supplementary substance use disorder treatment, with the exception of self-help. Fortythree of 653 participants (6.6%) were successful in phase 1. Unsuccessful participants who remained in the study then entered the second phase. During phase 2, participants (n = 360) were maintained on a mean buprenorphine dose of 20.8 mg (personal communication) for 12 weeks, and 323 had their dose tapered over 4 weeks and were then observed for an 8-week follow-up period. Success in phase 2 was defined as urinalysis-verified self-reports of opioid abstinence during the final week as well as 2 of the previous 3 weeks. At the end of the buprenorphine maintenance period (week 12) 177 of 323 (54.8%) participants were successful; yet, only 31 of 323 (9.6%) participants were successful at the end of the follow-up period, 8 weeks after buprenorphine discontinuation (week 24). No variables predictive of outcomes at follow-up have yet been reported.
This study by Weiss et al. (2011) contains several strengths, including a multi-center design, a large sample size, and a 3-month maintenance period, all of which help increase the generalizability of results. Similar to the other studies in this review, a flexible dosing protocol representative of clinical practice was utilized during the maintenance period. The major limitations of this study include no blinding of investigators or participants, lack of a control group who were not discontinued from buprenorphine, and no placebo used during the buprenorphine taper. Further, the population was limited to primary prescription opioid abusers and may not recapitulate the outcomes in the general population of those with opioid use disorders. Sigmon et al. (2013) compared outcomes following buprenorphine tapering protocols of variable duration in prescription opioid abusers in an outpatient research clinic in Burlington, Vermont. Participants (N = 70) were inducted onto buprenorphine (Suboxone®) and maintained for 2 weeks on a mean dose of 11.5 mg (2-20 mg) before being randomized to 1 of 3 possible tapering durations: 1, 2, or 4 weeks. Participants who did not resume opioid use were then started on naltrexone (p.o.) and observed over a minimum 6-week follow-up period. This study of buprenorphine taper duration is unique in that doubledummy medications and double-blinded administration ensured that neither staff nor participants were aware of taper duration or the point at which naltrexone treatment was initiated. There was an 82% rate of opioid-negative urine samples among participants at the end of the maintenance period, and similar to previously discussed studies, abstinence rates fell precipitously as buprenorphine dose was tapered. After taper to 0 mg of buprenorphine participants were started on naltrexone (p.o) if they produced a minimum of 1 opioid-negative urine sample and reported no opioid use in the past 24 hours. Naltrexone was dosed daily and titrated from 12.5 mg on day 1 to 50 mg on day 4. The 50 mg dose was continued until 5 weeks after the start of the buprenorphine taper and then increased to thrice weekly dosing of 100, 100, and 150 mg. Abstinence rates were relatively stable during the follow-up period and significantly higher in the 4-week taper group with 50% of participants retained, abstinent, and receiving naltrexone, compared with 17 and 21% for the 2-and 1-week groups, respectively. Overall, 29% of participants were abstinent at follow-up. With the exception of taper duration, the only parameter predictive of abstinence at follow-up was stabilization dose. Buprenorphine doses of 8 mg or more were associated with decreased odds of abstinence at follow-up (odds-ratio = 0.26). This study by Sigmon et al. (2013) contains several strengths, including blinding of both investigators and participants to assigned treatment groups, and a placebo control was used during the buprenorphine taper. Similar to the other studies in this review, a flexible dosing protocol representative of clinical practice was utilized during the maintenance period. The major limitations of this study include lack of a control group of patients who were not discontinued from buprenorphine, and the population was limited to primary prescription opioid abusers at a single clinic and may not recapitulate the outcomes in the general population of those with opioid use disorders. Furthermore, the maintenance period of this study was 2 weeks, the minimum to meet criteria of this review but not as long as a typical clinical maintenance period.
Predictors of abstinence following BMT cessation
Abstinence rates 1 month or more following buprenorphine maintenance cessation ranged from 10 to 50% across the 5 reviewed studies. Collapsed across the 5 studies, 183 of 1014 (18%) of participants were abstinent. Three potential predictors of outcome (i.e., abstinence 1 month after buprenorphine maintenance cessation) were observed among the reviewed studies, including prior heroin use (Ling et al., 2009) , taper duration (Sigmon et al., 2013) , and buprenorphine maintenance dose (Sigmon et al., 2013) . Possible associations between these parameters and outcome across reviewed studies were explored with weighted-least-squares regression with weights determined by study sample size. Prior heroin use (β = 0.61, p = 0.28) and taper duration (β = 0.44, p = 0.28.) were not significantly associated with outcome across the reviewed studies. In contrast, mean maintenance dose was found to be associated with outcome with lower maintenance doses predicting higher abstinence rates at follow-up (β = − 0.90, p = 0.04, Fig. 1 ).
Discussion
Patient and provider perspectives associated with BMT discontinuation and the outcomes that followed were systematically reviewed. Our systematic searches identified few quantitative studies that have addressed patient or provider perspectives associated with discontinuation of BMT or the outcomes that follow BMT discontinuation. Furthermore, the heterogeneity among all reviewed studies was marked. Nevertheless, a few notable trends emerged, and these trends-elaborated in the next paragraphs-may have clinical importance and form the basis of useful hypotheses for future research.
Gryczynski et al.'s (2013) study of patient perspectives was unique in that it cataloged patients' a priori planned duration of BMT. Notably, these expectations were found to be unassociated with actual BMT duration during the first 6 months of treatment. This disconnect between expectation and outcome likely occurred because most patients who discontinued BMT did so involuntarily or due to logistical challenges of treatment, but not for reasons fundamental to buprenorphine medication , an unsurprising finding given the high rates of patient satisfaction with buprenorphine treatment Egan et al., 2011; Ling et al., 2013; Mitchell et al., 2013) . In light of the high rate of relapse that occurs after BMT cessation reviewed here and the high rate of relapse when buprenorphine is used as a detoxification medication (Dunn et al., 2011; Horspool et al., 2008) , major improvement in intention-to-treat outcomes might be realized by removal of strict barriers to continued enrollment in BMT. For example, the Drug Addiction Treatment Act of 2000 requires that patients in the United States receiving BMT also receive "appropriate counseling;" however, counseling of any type has not yet been shown to improve outcomes beyond BMT alone Downey, Helmus, & Schuster, 2000; Fiellin et al., 2013; 2006; Ling et al., 2013) and, if too restrictive, may form a barrier to continuing BMT enrollment . Although treatment providers may submit that abiding by program rules is necessary for treatment success, patients often hold divergent perspectives of treatment progress and find benefit in remaining in programs despite failure to achieve program-imposed criteria (Mitchell et al., 2011) .
Continued enrollment in long-term BMT is predicated on patients having adapted to the logistical and provider-related issues that cause patients to discontinue treatment soon after initiation . Hence, the perspectives involved in discontinuation of BMT after years of treatment are not expected to necessarily parallel those associated with early discontinuation, i.e. during the first 6 months of treatment. For example, patients with low interest in BMT cessation were found to be in BMT for a significantly longer duration than those with high interest in BMT cessation (Winstock et al., 2011) . Further, in long-term BMT patients, high interest in cessation was found to be associated with low concern of relapse following cessation, and conversely patients' most frequent concerns about BMT cessation were related to relapse and withdrawal (Winstock et al., 2011) . This correlation between perceived relapse risk and desire for pharmacotherapy is also present in patients exiting short-term detoxification . Although perceived high risk of relapse has not been linked to BMT adherence, if a causal relation is found, patient education of relapse risk following BMT discontinuation may be a particularly potent method of increasing adherence to long-term BMT.
The overall quality of evidence for patient perspectives associated with BMT discontinuation was found to be relatively poor. Only 2 studies quantitatively assessed patient perspectives associated with retention in BMT, and both had marked limitations. Notably, one study of patient perspectives was limited by combining perspectives across patients maintained on methadone with those maintained on buprenorphine, and another by the constraints imposed by its parent clinical trial, e.g. retention criteria and time course. Ideally, future studies of patient perspectives associated with discontinuation would include merits from both studies reviewed here. For example, a national survey that queried patients both before initiation of BMT and longitudinally tracked the evolution of their perspectives that lead to BMT discontinuation could inform the restructuring of current BMT programs to maximize retention. In light of our early analysis here, we predict that successful retention will be associated with highperceived risk of relapse and low perceived conflict with program rules. The association between conflict with program rules and discontinuation of BMT was also observed in our review of provider perspectives associated with BMT discontinuation. Feroni et al. (2005) found that nearly two-thirds of sampled French primary care physicians prescribing BMT indicated that they would discontinue BMT if they discovered a patient had several other buprenorphine prescribers, and half of these physicians indicated that they would discontinue BMT if they discovered a patient had been injecting buprenorphine. Although it is difficult to estimate actual outcomes for these providers' patients, 22% of physicians in this sample indicated they had discontinued BMT in the past because of a difficult relationship with a patient-indicating that a significant number of patients had been discontinued secondary to conflicts with their provider. Considering that this result is without comparison to other physician samples, it raises the question of whether a group of physicians who were particularly supportive of long-term BMT might be more likely to continue BMT in the face of conflict with program mandates.
This question can be answered partially by Quaglio et al. (2010) . These investigators found that the vast majority of Italian physicians prescribing buprenorphine in their sample supported long-term BMT, and this sampled group of physicians was less likely to view buprenorphine as a suitable short-term treatment. Thus, this sample represents providers who are less predisposed to discontinuing treatment. However, in this sample the most common cited disadvantage of buprenorphine was diversion, a behavior in conflict with program rules, indicating that patient adherence to program rules is a leading concern of providers, even in a group of physicians who strongly support BMT as a long-term treatment.
A tendency for providers to discontinue BMT might be related to whether physicians receive BMT training during residency. Suzuki et al. (2014) compared BMT perspectives of physicians in the United States who had received BMT training to those who had not received BMT training. Physicians who received BMT training were more likely to have prescribed buprenorphine, to believe opioid dependence is treatable, and to believe that buprenorphine is effective in treating opioid dependence. Further, physicians who received BMT training were less likely to indicate that treatment cessation via detoxification should be attempted before maintenance. Thus, BMT training might engender physician preference for more extended use of buprenorphine through maintenance therapy and a more favorable view of buprenorphine and opioid use disorder treatability. It is then plausible that increased BMT education during residency could lead to providers being less likely to discontinue BMT in the face of patient conflicts with program rules or other obstacles.
Similarly to the studies reviewed on patient perspectives associated with BMT cessation, few studies were identified that provided some quantitative insight into reasons providers discontinue BMT, and all had marked limitations. For example, the primary focus of the 3 reviewed studies of physician perspectives was not to explore reasons providers discontinue BMT; indeed, the measures discussed in this review were secondary and by no means exhaustive analyses of providers' reasons for BMT discontinuation. These studies do, however, provide important initial insight into the provider perspectives that drive discontinuation of BMT. Ideally, future studies will focus on this topic specifically and track the patient outcomes associated with provider perspectives. Such investigations could inform the restructuring of current BMT programs to maximize retention. In light of our early analysis here, we predict that successful retention will be associated with BMT education during residency, relaxed BMT program rules, and methods that reduce diversion without preventing treatment, e.g. buprenorphine implants (Ling et al., 2010; Rosenthal et al., 2013) .
Similarly to our review of perspectives associated with BMT discontinuation, our review of outcomes that followed BMT discontinuation is based on limited reports. Namely, we opted to include studies with a relatively short period of BMT (i.e., 14 days), and none of the reviewed studies included an appropriate control group. Studies with a 14-day BMT duration were included in order to expand the analysis to maximally capture both the outcomes that follow BMT as well as any possible predictors of outcome that may inform future work. However, BMT maintenance period could be particularly important given that longer durations of BMT have been linked with better outcomes (Dunn et al., 2011) . Here, however, we found no association between BMT maintenance period duration and outcomes, possibly because other factors more strongly linked to outcomes also differed between studies, e.g. a high mean buprenorphine maintenance dose was reported in the study with the longest maintenance period . Study designs were also not optimal. Ideally, patients would all be maintained on buprenorphine for a duration similar to typical clinical practice, i.e. months to years, and then patients would be randomized to either remain on buprenorphine or taper off using a double-blind, placebocontrolled design. Although, given the relatively certain poor outcomes that are likely to follow buprenorphine taper, it would be unethical to subject participants intending to remain on buprenorphine to a tapering procedure (Newman, 2009 ).
Regardless of the reasons patients discontinue BMT we found that most patients relapsed to illicit opioid use within 1 month following BMT cessation. Albeit reviewed studies were heterogeneous in both design and participant characteristics, mean relapse rate consistently surpassed 50%. Notably, high relapse rates were observed in young adults (Woody et al., 2008) as well as primary prescription opioid abusers (Sigmon et al., 2013; Weiss et al., 2010) , populations often considered to be have better prognoses (Dreifuss et al., 2013; Moore et al., 2007; Sigmon, 2006) . Given the association between perceived risk of relapse and interest in remaining in (Winstock et al., 2011) or initiating ) agonist medications, it will be important to remind all opioid-dependent, buprenorphine-maintained patients of the high probability of relapse before they consent to terminating treatment.
Nevertheless, a high mean rate of relapse does not preclude the existence of a small subgroup of patients who are able to remain abstinent following BMT cessation. In pursuit of this subgroup, candidate prebuprenorphine-taper parameters predictive of abstinence 1 month following buprenorphine cessation were identified within reviewed studies. Taper duration (Sigmon et al., 2013) , previous heroin use (Ling et al., 2009) , and mean buprenorphine maintenance dose (Sigmon et al., 2013) were identified as potential predictors of outcome across studies; yet, only mean buprenorphine maintenance dose was found to be significantly associated with outcome with higher maintenance doses predicting higher rates of relapse. The association between buprenorphine maintenance dose and outcomes 1-month following discontinuation was also present in a naturalistic study of 6-months of BMT followed by a 3-month taper (Kornør et al., 2006) . This study met most criteria but was excluded due to reliance on self-reported opioid use rather than urinalysis. Similarly, higher maintenance doses of methadone have been found to be associated with more severe withdrawal symptoms (Glasper, Gossop, de Wet, Reed, & Bearn, 2008) as well as worse outcomes following methadone cessation (Ekhtiari, Dezfouli, Zamanian, Ghodousi, & Mokri, 2013) . This association between pre-taper maintenance dose and outcome raises the possibility that a maintenance phase that gradually decreases dose over time, and results in a lower maintenance dose prior to initiating final taper to 0 mg, may enhance abstinence rates at follow-up, a prediction that warrants future testing. The association between maintenance dose and outcome does not, however, indicate that lower buprenorphine maintenance doses should be enforced; higher buprenorphine doses are associated with both decreased rates of illicit opioid use during maintenance as well as increased rates of treatment retention (Hser et al., 2013; Mattick et al., 2008) .
Buprenorphine maintenance dose may correspond particularly well with addiction severity within the context of clinical studies that employ flexible-dosing protocols-the protocol used by all of the buprenorphine discontinuation studies reviewed here. In this context study medication is monetarily free and titrated according to the patient response, a contrast to the many restrictions to high buprenorphine dose encountered in practice. Buprenorphine dose in the context of clinical studies with flexible-dosing protocols approximates unrestricted buprenorphine intake, i.e. the dose patients would take per day given minimal restrictions. For buprenorphine induction, medication is generally titrated until the patient is without opioid withdrawal or cravings. Those with more severe opioid addiction would in theory require a higher maintenance dose of buprenorphine. Indeed, a secondary analysis (Hillhouse et al., 2011 ) of Ling et al. (2009 showed that within a flexible-dosing protocol patients titrated to various levels of buprenorphine (8, 16 , and 24 mg per day). Notably, groups defined by these final maintenance doses differed in their drug use characteristics, with patients in the 24 mg group having more mean days of heroin use in the past 30 days, more injection drug use, and greater baseline craving and withdrawal severity before buprenorphine induction.
It is also notable that the 2 studies with the best outcomes included transition to maintenance with the opioid antagonist naltrexone after successful completion of buprenorphine taper (Breen et al., 2003; Sigmon et al., 2013) , although transition was optional in one of these studies (Breen et al., 2003) . Naltrexone has been shown to reduce opioid craving and opioid use (Larney et al., 2013; Syed & Keating, 2013) , and may have aided these patients in extending abstinence from the end of the taper. However, orally dosed naltrexone was used in the reviewed studies, and although depot naltrexone (Syed & Keating, 2013) and naltrexone implants (Larney et al., 2013) have been shown to significantly reduce opioid use in meta-analyses, orally administered naltrexone has not , primarily due to poor treatment retention. In the latter review, naltrexone ingestion was highly variable in the 2 studies reviewed, ranging from 9 to 50% across different treatment arms. Therefore, the role of oral naltrexone in improving abstinence rates after buprenorphine detoxification is not known and warrants further study.
In conclusion, relapse rates were found to be high following BMT discontinuation, and fear of relapse was found to be a major reason patients remain in BMT Winstock et al., 2011) . Most patients will express an interest in BMT cessation (Winstock et al., 2011) and many patients will discontinue BMT within 6 months . Given the association between patient fear of relapse and interest in remaining on BMT, retention rates in BMT might be augmented by emphasizing the high risk of relapse to patients who indicate an interest in BMT cessation. If BMT cessation is necessary, a long taper period (Dunn et al., 2011; Sigmon et al., 2013) of at least 1 month that transitions into naltrexone treatment (Kornør, Waal, & Sandvik, 2007; Sigmon et al., 2013) may help minimize relapse risk. Although, the efficacy of naltrexone may depend on using the implantable (Larney et al., 2013) or depot (Syed & Keating, 2013) forms, as oral naltrexone has not been shown to reduce illicit opioid use . However, most patients will relapse as buprenorphine taper occurs, before transition to naltrexone can take place; hence, BMT cessation should be avoided if possible to achieve the greatest rates of opioid abstinence.
